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Modern Alchemy: Discovery of transmutation, (Soddy 1901)
In 1901, twenty-four year-old chemist Frederick Soddy and 
Ernest Rutherford were attempting to identify a mysterious 
gas that wafted from samples of radioactive thorium oxide. 
They suspected that this gas—they called it an 
“emanation”—held a key to the recently discovered 
phenomenon of radioactivity. Soddy had passed the 
puzzling gas over a series of powerful chemical reagents, 
heated white-hot. When no reactions took place, he came 
to a startling realization. As he told his biographer many 
years later….

´I remember quite well standing there transfixed as 
though stunned by the colossal import of the thing
and blurting out- or so it seemed at the time: 
“Rutherford, this is transmutation: the thorium is
disintegrating and transmuting itself into argon
gas“. Rutherford‘s reply was typically aware of 
more practical implications,“For Mike‘s sake, 
Soddy, don‘t call it transmutation. They‘ll have our
our heads off as alchemists“`

*quoted in Pioneer, pp 83-84

Frederic Soddy

Joseph Wright (1734-1797)
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Simple radioactive decay..

Basic equation first identified by Rutherford

dQ/dt = -kQ (1)

Q is the number of atoms, k is the decay constant
(probability per unit time that a nucleus will decay):

k = ln2 / τ

where τ is the half-live. Solution of Eq.1... 

Q(t) = Q(0) e-kt or Q(t) = Q(0) 2-t/τ

Activity..

A(t) = k Q(t)
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Successive radioactive decay with branching and source terms

The differential equations governing 
the above processes:
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Exact solution:

For Si = 0:

First few terms...
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τ1 < τ2

τ1 >> τ2 : A1 = A2 τ1 > τ2  : A2 = τ1 A1/(τ1 - τ2)
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To launch the
Decay Engine

click on Decay
Engine in the
Application Center 
list...... 

or

choose Decay
Engine from the
Applications
dropdown list…. 
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To launch the
Decay Engine

select nuclide of 
interest in the
Nuclide Explorer 
page...... 

then

click right mouse
button over it ......

and

choose Decay
Engine from the list, 
which will appear
......
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Start a calculation using default values....
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Nuclide
selection tools

Element Info in 
Nucleonica

wiki

Mass-activity
calculator

Set the time

Set the number of timesteps. To 
plot a graph up to 40 timesteps

can be used

Select the value
to be plotted on 

a graph

Number of chains
with Acuracy
Factor > 1E-2

Set the accuracy of the calculation. Default 
value 1E-2 gives at least the main

chain.Min. Zero value gives all chains!



Decay Calculations with Nuclides.net...
Decay Engine

Click on the
column title to 

arrange the data
in ascending

/descending order 
on the parameter

chosen
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Radiotoxicity (Sv) = Activity · e(50), where 
e(50) - effective dose coefficient, which 

accounts for radiation and tissue weighting 
factors, metabolic and biokinetic information. 

the heat generated per unit time by 
the decay radiations (W)
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Thank you for your 
attention…


	
	
	
	
	
	
	

